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ABSTRACT 



PROBLEM TO BE SOLVED: To provide a delay circuit in which the delay time 
does not increase excessively even if the power supply voltage drops and 
increase of the delay time can be suppressed. 

SOLUTION: The circuit for delaying a logical signal SIN having low and high 
logical levels has such delay characteristics as the delay time is 
different when the logical level of the logical signal SIN is low and high 
and a logical level having a shorter delay time is selected as an object to 
be delayed. More specifically, n-type MOS transistors Nil and N12 and 
p-type MOS transistors Pll and P12 making transition from off to on in .the 
transition region of a signal appearing at each node are provided as the 
MOS capacitors for each node of a delay path. Since dependency of the delay 
time on the power supply voltage is suppressed, excess increase of the 
delay time is eliminated even if the power supply voltage drops. 
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&t>3ffi^ElK*|^-r4Ci*ir&. l/*fcHl (b) 

{cs%-r«j«itt«LrH»«iJss*lB«Mb-J-* c ±**r * 
4. 

[0 03 4 ] <HJS©JB8g 3 > fiTF. HJS©^SS 3 «tt 

0 3tc. C©Hii©^SS3K:^* i '2>®5iIllK© 50 



2002-124858 
10 

fllBRW**^. PSK^-r^t*. (a) Kin 

rmt&<omi& 1 «ca>*»**wKc*si»r. Mos+t^ 

*<tbr. p3SMOSh7>y»*Pl 1. P12KR 
iti!Vt©nlMOSh7>yxa'N3 1, N324 
ffi*. nIMOS h^>i?**N 1 1 . N 1 2tCtt*r 
iSV t©pS!MOS h5>S?X>P3 1. P32*ffi;t 
4. 

[0035] CCT, nSMOSh7>^*N3 1© 

f u v ^ v i 1 ©tftbstcftji 

nSMOSh?>^$N32©KU-{>S 

6naMOSh5>'^*N3 1, N32©y-htift 
{caiK«EVDD«C@5e$n-5. S/c. pSMOSh^ 

p 3 i©Ku-r>ac^v-^tt-f>^-*v i 

2«DHmWcttRSti. pSSMOS h5>t?^*P3 2 
©Fu-f >Rtfv-x«:-f >/<-*v l 4©W^a5«:Sc 
i^Sn. Ch6pSMOSF7>yxirP3 1, P32 
©y- FttfttCSffiWEVDDKHJgStl*. T&*> 

MOS + t^^^f nSMOS h5^^*© 
V-XRIF FH>tt. IMM-9S I N©£*B*1SS±© 
y- h"C$»ot, £©l£riI{f#S I NOSSiU^W^ 

U^I/^eP 1 ? \s*<MC9Mtti>S- FCCSHfcStl. 
y- H#sSiEimEK:B5t3*vci>-2>. £?c. IhID<MO 
S*i-^>*£ft-rpMMOS h^>> ; ^^©V-^R 
tfFU<f>». t&fflft#S I N©(afi«K±©^- h'-C 

3&>e>>w u^jwcscffr*"*^- F«c«afts*i. y- k# 

FCCliS3*irc>£>. 
[0 03 6] C©fltfiSlCj:nii. 4>t<-*Vl 1. v 

l 3 ©t±i:ftfi-sf as'W U'Oi'jfe&a^ u-^^K:lE{b^-2> 
nSMOSh7>^$N3 1, N3 2#:T7tK 
Sg*»e>*>}*5§K:^bU C*i6-f»<-*©H«rtl-*» 
©il^SHt^CfcOT M O S * f A^£©Sfi<B#*f JOT 
S^faKSEfbT*. */c. 4>^'-*V12, VI 4© 

pSMOSh7>yx^P3 1, P3 2tf*vW&frh 

^(Cfcl^-CMO S * +'<isZ<0&mB&*%1]a?Z>yifa 
(C»br*. L-tcifi-oX, ±&©01 ( a ) CCTjs-T^Sfi 

©jfcf&i uLfrfri>mm'$&tm%K.. ««ss^#tt© 

il><t ^ilJllElSfitrll^Ti C i *^r # 4. 
[0 03 7 3 fcte. ±j$©0 1(a) IC^T^iH 3 
^?mf&b<Dft&Mfot<ttJ.hn>-Z, ±^©01 (b) 

icm-rmm<DBm 1 ©«^K*5^r. p§smos f v> 

y^^P2 1. P2 2S^nSMOSh7>^i'N2 
1. N2 2(Ctt*r. 03CC^-TnMMOS h^>^^ 
JN31, N3 2S[;pSMOSh7>^7$P3 1, 
P3 2?:awr4>J:l>. «f{C«WI/^C»*i. 02 

CC^-rH*6©^fi§2«:*^2>«SE{C*Jl»T > -&MOS* 
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[oo38] <mt&<Dmi&4 > wt. common® 

(b) (c^-TSSlal8S*JSfflt/c4><D-C. S^g8S±iC 
5SWiSrfflffiy-hV4 3. V4 5*s3tt*Cifc:<l: 

[0 0 3 9 ] R0iC*5l»T. -f>/<-*V4 1. V4 2 
fciDHSV tOnSMOS N4 Ui« 02 

(b) Kjn?mf&tm&®8Micm'3<m&m&zmf& 
u MUflres i Nfcs&a-e-c^iwiiisfny- h v 
4 3©— ^©A^S&ic^**. c©S5£ffJiUI*oy- h 
V4 3©flfcfr©A*J*HCtt. sfefflm#S I N^fftt^K: 
#*.6ft«. «J@»«flMWliy-bV4 3iKVt©na 
MOS |-5>i?*£N4 2£'r>>' , 5-2V4 4 4>02 

( b ) K5*T*J*i H«©JB»Cc*-3 < 3©i|I8g*7f$Ji£ 
U ^>/<-*V4 2©ffl;frffi^£iI5iS*?T5^tt§& 20 
afljy- F V 4 5 ©— »©A*»K^* *. C ©SSW 
ifeSffly- F V 4 5 ©<fe£©A:£>SIMc». ±a©ife®<t 
#S I N*VJfttlC4jL£tift. SjEAWfflWn**- F V 
4 5©H32)fi-S|«. 4 Wt-*V4 6tC#*.6»tl, <M# 

souTt urtftfiStt*. 

[0 040] C©HJS©?fJJg4rW > fl^KMfrTlWSfll 

p-5U^;u«:^fc-rS<t. co^mts I N*s. -f> 
^-$V4 1, nlMOS h7>i?^$N4 1. 
-*V4 2*»i6«c&iWi»iv 5ffi««ttWD*'-hV4 30 
3. nlMOSF7>^*N42, -f>/<-*V4 4 

p>n> c©5se { jii&ii«]y-hv4545j:t>v>^'-^ 

V4 65:iSTe#SOUTiLTHi^$n^>„ l/fctf-a 

r> taaflres i Niiii&snTfi-sf souTiLTta 
JiZtiZ. cnttttL. IftSA-^S I Nain^u^i/fr 
6^ -f U^Jl/tC^tb/c«^. SSffJS&Sfpy- b V 4 
3. V4 4©fflA«#JWWlMOTKn9U^I/4Sh. C 

©^^^©rtSiw^^wsitca^^KRs ns. 
tfc^ot, c©iiis©»si4ic s tn«. sasraEE©ft 40 
??tt£W;t&#£»®*t&©i&3m-*f s i nod^k 

[004 1 ] <mM<DBf&5 > C©^©**6©JF^5 
£SBW-r£. 0 5K:. c©Hte©f5SS5«:*^5SS|51 
SS©«i/£0!l£^-f. ±.&<DmiM<DWMl ftt,>U4«. a 

e> u^jug/ctt/w b^ju©f5jn^iisst^i-r^*> 

<D-ChZ>i*. C©HiS©^)SS5«:*^4a5ilHl88«. o 

•5 U^-U-R^W ^JWDiittiWIil'^Ot 50 
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AS. 05(C^fjIii|Hl88«. S&Sif-sfS 1 N£A2rf 
*V 5 1 i. n^b-<JU£S3l£3-&*iIi£fc 
D5 1. D52£. ;WU^JW*rj!S3-&£iB£*D5 
3. D54t. pSSMOS F7>^*P5 1 , P52 
*jJ;tfnIM0Sh7>^^N5 1. N5 2£*»6t» 

jissft*. wdo, as*D5 1. D5 2«. tnm>® 

1(b) K^«dtelBW©1»fifc**U S5£SD5 
3. D5 4«. B<ri£©01 (a) tc^-f #E5c£l5)1*©*» 

[0 04 2] 36tC^W«:«leS=SrSiWTi. <f»<- 
*V 5 1 ©W^gPtCUiSS^D 5 1 ©A^jSfr^i&S 
tt> C ©&J£& D 5 1 ©ffi;£>S|5tt t*iI5£S D 5 2 ©A*! 
gfoWgfcfcSti*. *fc. -f>^->V5 l©aj^BPtC{i 
jSi^D5 3©A*SP*^S^. C©Si£*iD5 3© 
tB^g|JlCl*jig*D5 4©A^jSI5* 5 «tS3ti*. pSM 
OSh7>'^*P5 i<DV-x»SiS«:^$n. 
<Dy-hiC«ilSSD5 2©ttl^lSC^iK$^i. 
MO S (-7 >> ? ^3' P 5 2 ©V — Xli. ±j£CDp3»MO 
S h-?>^**P5 l©FW>«:SMft3*l. -€-©y- 
hiC»il^D5 3©m*a5*^!^3n-2>. nlMOS 

h-7>ix**N5 i©v-*tty5>F«:siJi3*i. -e- 

©y- Flc«»&3&D 5 4©tti;ft8IM> s 3£l£3fr2>. nS 
MOS F?>i?**N5 2©V-;*WLFJ£©n§2MOS 

K«S^D5 l©W^SiW£«&<*ft&. pSMOSh 
7>y^^P5 2© KH'><bn§SMOS h7>^X* 
N 5 2© F W ><b©J&K.£tt. d©il52[3ISS©Ul*g|5 

[0043] C ©^t6©J{JSS5 (Dlb^^tft^-r 

-5. ^Sft-^S I N* 5 ^ U»^**»6^^ P-^MtSEft 
btciir^. -f >^<- i« V 5 1 ©a^m#*^^ -f U^;!'* 1 
ZaVU^frtC&itfZ. C<DJ V5 1©W^ 

ft#«. aS*D5 1 K<t0illi$n-rnMMOS h7 
>i^^^N5 2CDy- FtC#iL6*l. COnSMOSh 
7>^^N5 2^7j»ib. 3 6tca^D5 2 
KlJrOilii^n-CpMMOS h-5-^^X^P 5 1 ©y- 
F ht\> COpSMOSh7>^JiP5 1i* 

>^sii-r-s. -is. vs i©a^(t#«. 

as^D 5 3tc«fccs?i§m:p59Mos h^>^x^ 

P5 2©y- htC^ite>n. C©p32MOS 

^P5 2**>t^<!:0 > 3e>Klji5I^D5 4tC<fc»5a 

JISftTngiMOS h7>^Xi»N5 1 ©y- 

6n> COnSMOS h-7>^^i?N 5 1 &*7W&t 

[0044] CCT. pSMOSh7>y^*P5 1, 
P5 2fc<fcO'nS!MOS h-7>^X^N5 1 , N52© 
SSJ<milCtS@Tit, pgMOSh7>^*P5 
1 AJ^^^tcW^tiSMfliCiJl^-r. tcTpSMO 
S F.7>^f P5 2*5^^11^03 h7>^^i»N 

5 2^-en-en*>^si*j<i:y t *7WsiK:sij^3n4. 
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Lfctfo-C. m-SfSOUTtt. jI5I*D5 1. D5 2£ 
ItpSMOS h7>^*2P5 \<,tt**.h*lZ>fe^K. 

^eaj^sn^n^u-^jujis. as*D5i. D5 2K 

J:9iI5£3*-l. C©a®*D5 1, D52CCfc9S3£3 
ttfcffi^tta^tfi^SOUTtf.'W U^ifc*. 
[004 5] ±a$OiS^iim«(C. Sfeif^S I 

$V5 1 J&^ttl^SiT.-S^-rb^JU*^ iiS^D5 3, 

D5 4CCj:'3jI553n > C©iIJimD5 3. D5 4CCJ: 10 

*) ii@ 3 n/cffi-^(CS-5# ffi-*f S O U T*i P £ 

W U-<;UCgfbl/fc*§^£. Haft^S I 

[004 6] <mm<Djme >wt. c©?^©^© 

^SI6«:SiBJ^S. ±B©HJ6©7$£lfc^L.5W:> f& 
SM^©ii&au^l'£^CjI5i3i*2>fc&©fc©r&'£> 20 

5'-Ol'*ffc£0S8<!: fr«fi£S^S. 06 COjISfi 
6 1 iSi&a«y- h V 6 1 tmm&D 6 2 iSSWK&a 

f»y-hv6 2£. s&a«y- v V6 3frfbmf$2tx 

fetch. iI5£fcD6 1. D6 2H ^©H 1 

[0047] s tbicmitmicmf&zi&wri. mmn 

6 1<DA^SP«:«. ffta<i#S I N*i-5*<=>*xS. iSS 30 
my- h V 6 1 ©-^©A^SBtCttilja^D 6 1 ©tt*J 

^ e>ft£. mM&D 6 2 oA*gi5cc«iissy- k v 
6 1 (Dmtfmim&ztiZo ^msmmy- h v 6 2 

CD— #© A^JSPtC ttjIJIS D 6 2 cDffi^giJ^Sm 3 *l . 
*©{fcfr©A#SKCttiSfflMiy- FV61 CDUJ^gU*^ 
i&3 ft£„ ^Bliay- h V 6 3 ©-^©A^SMCttSS 

m&mmy- h v 6 2 ©w;DWi§M&3 -e©ffe;£© 

A^jSPKtJiSSft^S I N#itS-5*€>ll*„ 
[ 0 0 4 8 ] C ©Hi6©^S&6 ©MifE*BMW 40 

S. flJKItKSSKfc^-C. i&afi^S I Ntfa^u-^i/tc 
&•*>*>©<!:•$-&. C©tBJBtt»T«. 

v v 6 2 h$mmy- v v 6 3 hinzm 

•?u^;ui^o-c*5»3. f^soUTun'Ju^itt 
c©ttf£*>6i&a<f#S I Ntfa^u^ua* 
6/wu^jMc»bTa&. a&asy- h v 6 3 «. c 

ft£SWT<f-Sf SOUT£;W Wl£?Z>. */c» & 
a«-9S INGWU^JH*. 352^ D 6 lJCJ;DiI£ 

snrmasy- h v 6 1 cD-^cDA*SB(c^p>n 

S. CCDtlr^ ISa»y- hV6 1 CDflfcfrDA^SUCil 50 
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tg^jt^T^sg&am-t s 1 nkjsccw u^^cctt 
^ri>*or, Has*-'- 1- v 6 wmumm*. 

IfcD 6 1 *6fcfiWK:at-3t»"C>W U^cjUKKfbT«. 
[0 049] CCDSSaffly- h V 6 1 Offi^fs-^ti. ii 

liiftD 6 2 K«k oiissnrsswssaay- h V 6 2 

CD-^CDA*SI5iC#it6h-5. C©£#. S&affly- h 

v 6 i z&fctti&m.my- k v 6 2 ©ft^cDA^guK: 
sffji&asy- h v 6 2 ©m^ti^*. 6 2* 

gfc<i^KS-3t>TO'?u^;i'K:^<bT-2>. S&atSf'-- 

h v 6 3 ». c ©ss&^aay- h v 6 2 ©m^fi-^ 

«l»tffi^S OUT* O * l/'C^it i&a 
fi#s 1 n^cj-^u^;!'*^^-/ u^JUc^b-rii. 

jffiS^D 6 1. D 6 2 -C©3l5IB#P B ^Cta^-r 
4W7>->3-; h^U*JjifSOUTiLtffl^ 
3ni. C©Hifi©^6(Cck4atfv Sia^S I Nrt* 
n^u^ju*^^^ u^ccgifbLfcifl^. SiESEEK: 

s^-r iffis&^WM 3 *ifc/<*^«**rr 4 > > 3 » 

[0 05 0] <!«£cDJf2S&7 >«T. C©»BJO^JSCD 
^SI7«:SiBJ-rs. ±^©HS£©»!®lft^U6-C«. 
MOS + t^^ifSJtiMOS 

5> K*(iK:^Wrx3*l. pSMOS h5>i^*2© 
t*^SECc>'-«-i'7^3ns. C 
*UC*fU C©^it©^7-ClJ. MOS + t^t 

[0 05 1 ]S7{C. C ©^J&£©7f25s 7 £i!5£[Hl 

V7 2ti, mtfB?a!©Ell (a) KS%r-f>^-*V 
1 1. V12(C^I&L/. MOS + f^'^^^r^^pMM 
OS h^>y^5fP7 245^^11^03 
N73B, II (a) (c^Tp^MOS P 
1 1 fciCKnSMOS h^^^^^N 1 1 &C*tI&-T£. 
/c^cL/. C©Hifi©?f5Ss(i:A^-5>p3aMOS h-7>^* 
5»P7 2©Sffi (S/clJ'i?*^) «. m?S^ffiVDDJ: 
9 4>3e>&Ca/c'WiSl>m<i TVDD+aJ K'WT^S 
ti. nSMOS h-7>^** N7 3©StS (*/c«->* 
;U) K^&VGNDJ:»)fc3 6K:<3^Wi£t» 

mfit rvGND-/3j tc>'^rx3nrci-2. <> r a j*$ 

t Z M O S * + ' & <oy- h Hffi«EKI& Dt 3 
[0 05 2 ] Sf^L. -f>;t-*V7 1. V72*mi&? 



(9) 



15 



3tt. nIMOS h7>yx*©IWi§EVG<C^-f 
7*3*1-C(,>*. CCT, lEVDlt C © SISIIIIBS** 
&$£3ft/c:£2g#£lg#T y*Hc^igi«EV D D 
ttfD. **»<-f"*Kl TVDD + aj <Lft&. £/c. 

•J. *£>;WB#CC r VGND - /3 J ifc*. coii 
©0SS7 JCfctlK. MOS + + ^$««IS^-fr^I 
£*(HSPT-5C±K:J:9. MOS* + £#JdiT*M 
OS h7>i?^^oy-hgSlfiimi£«:ffi.«K:S3E-r*C 10 

[0 05 3] <»*©#» 8 >£IT. C©«W©Wfc© 

jB»8*Btgrrs. iic©3at©**itti»^7-ctt. 

©HtS©^3B8-C». *BIBHSrt©'f:'^--i»*«WlT 
JpIMOS h7>^$inSMOS h-5>J/;**© 
§y- hHffiSIIfciSV t £fctt{gV t ©ffittfrKiMlR 

©&jIJiB#Bg£Ji&P>ttS. 
[0 05 4] 08 (a) (c. t©J|ife©?f£<£ 8 
jlSSBK©^^©^^^^. PlSIKl^T cfc 5 . 
C©SJS[5]BS«. IftJlff-^S I NC^-YW^A^jIS^ 
#t£-r£6©-c*-3T. jyj-<-*V8 lieJzV<(>'* 
-#V8 2*fliitfc^>^-^?i->*i^ 
ftj&Sft*. ccr, ji®*f;ti©l&fflli-st©s&JI 

fiS-r^P^MOS h7>^i»P8 1 ©y- hWffl«BIE 
ttKVtKKJESh. nSMOS h7>^X*N8 1© 

y-mtf«E»fiv ttc«3esti-ci»*. *© 
aRKsm sn*: -f * v 8 2 ^psmo 

Sh5>J?^>P82 ©y- h KfiimteffiV t lc®%. 
3*a. nSMOS h5>yx^N8 2©y- bfflffi.MK 

ttfcvtKRjestiri,**. cnu:<fcO. ws©^>^ 
-*V8 l©A^HffiB®<8S3^ WSW)-f 
*V8 2©A*BMitti6<f8£S*l*. tt*. COffC 40 
». >Wu^i/©*ffl«^*«B*Wl£k"C^4#. n 
$u^*«£*Mft& WS©-f>'<-* 

vs i^wspSmos ps i©y- 

HI{t*E&&Vt&U nSMOSF7>^^N8 
1 ©y- hMttWEfc-XV ttl. *©«stc» 
&3ftfc-(:/'<-*V8 2**fiS , rap§2MOS 

[0 05 5 3 C©HJ£©^3B8K:«tn«. 08 (b) K 50 
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ntrxw* a«©-f>^-*©A*Pifi (c©wc» 

0. 5V) ti»tl/t. -f>/<-*V8 lOAAHffl 
tt. «jR*E©fiTKflt-»-CfiTT*«ei*jSl/. 
^>;<-jtV8 2©A2»MK2. fK»«E©fiTtC(*o 

i n©>w u-^Ji/cas^ra* 5 . d«> u^w©a55WFia 

[0 05 6 ] 09 It. C©2U6©7$S8K:*>a»£i5ei3 
K©^«*wr. HUatcSVrWttv i£eg{*i£a£7 * 

£ftfcfc©-C*£. "Tfete*. BH«:isc»T. <f»<- 
jV9 1 *«RST4(SV tOnSMOS h9>5?**fl> 
V-*&. -f>i<-*V9 3*«Wfr*«Vt©naiM 
OSh7>^*©V-^B- iSV t©nSMOS h-7 
>y**N 9 1 4^l/T^7> KCCSSttSttS. 

V 9 2*«fiST-5fiV t©pSSMOS (-7> 

j>**©v-*£. -f >^-*VQ4tiMir*«v t 

OpSMOS h7>^^©V-XB, iSVt©pSM 
OS VvlsV^ZPQ 1 *:*>LT«ffltt:J&l*3*lS. 
[0 05 7 ] C©£JI5Wc<fc*ltf. X^>/^B#tClfeS 
«-^S I N*5a^7 u^^CCHSSii-St. nSMOS h 
»N 8 UbJ^pSSMOS h 7>-^fP9 1 
9-^y-bU^ Hs-^C S. /CStcS-^Stf^lfcSS 

cc$ij®sn€.. ccr. Y>'<->V9i, v9 3£Ut 

«t*#. CtlfcttffiV t©f^>^**"C**fc*. 'J 

LfrLKMh. C*i6©iB;V 
t©nSMOS h 5>i^* £T 'J — ^&£#^£.L/c£ 
Ltfe, »VtOnS!M0Sh7>yxj!N9 1^7 

tt»«c*&fc». «;-*«»©»***»*. 6*1*. 13* 

CC. ^^>^WB#iC. -f>;<--j!V9 2. V944«S 
T£ffiV t©pSMOS y ^yisXfC 1 ) - 

£.LXb, nv topSMOS h7>yx^P9 

6*14. l^^t, C©*1©*»« 

Ki^nts. «i«E©(Sfftt* , »iis*». i/*»t^*> 

y<-<«f©ffl5WaE%*S»K:jqMWr*c i*»Bl«4J5c.*. 

[0 05 8] C©KXHPI». ft-f>^-*©A*litt»C 
J: "3 3&B#ra©SiEft?3M4 : £WM'r 4 fc©i 15 
34©«*H»a&©»Mn©J:9«:. MOS + t^>K 
J: »)«««E©tt!?tt*Jfl'*W*t>©i^^ 0 

10K. ±2©H9KmfSE»«K*St»"C. MOS*f 
^t^**»fflb3fe*i^©«JSRW**'*". c©«Wt«tt. 
±ajfi«E»«l©«WtK:4B«.»"C. MOS*t-^>*£fcT 
pfflMOS h9>y^*P0 2. P9 3*J<kO'nS!MO 
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Sh7>^*£N9 2, N9 3£36tCfi|*.Tl8l£/ct> 
©•?*£„ fcJcU -f>>"'-*Vg 1~V9 4©A*JH 

[0 05 9] <miM0BB9 >fcTF. C©H9!©*J£© 
C©HSfe©Ji5SI9T«. C©?&5C©ilS|5I8SK:*ni 

[ 0 0 6 0 ] 0 1 1 CC. C©JI*6©?fcJ£9 {C^SmVI/^ 

bdii. s&mm*'- b g 1 1 . hsisssr 1 1 *» 
»bbd i it*, uraoteiai (a) 

&©-C*oT. piMOS h7>^fP 1 i 0 l*J«t 
tfnlSMOS h?>i?**N 1 1 0 1 #>6tt£ 
£V 1 1 0 1 £. pSMO S h7>^iiP l 102*> 
SttiMOS + t^^i, paMOSh5>^*P 
1 103feJ:ynSMOSh7>^^Nl 102*6 20 
&5^>'<-*Vl 102i. nSMOSh7>^^ 
N 1 1 0 3*6&*MOS4 s + >«'*£. pSMOSh 
?>%>X$Pl 1 0 4*5«fctfnMMOS h5>2^**N 
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